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Abstract 
High-temperature superconductor wire based on the YBa2Cu3Oy compound offers unprecedented 
performance that stands well above any other superconductor in terms of temperature and magnetic field 
of operation. We discuss a cost estimate model for production of coated conductors based on ion-beam-
assisted deposition (IBAD) of MgO and reactive co-evaporation (RCE) of YBCO. Our results indicate 
that cost of coated conductors can be below $10/kAm already at 5000 km production volume of 4-mm 
superconductor wire, with 500 A/cm and 2 µm of YBCO. The total Ic/width is a key parameter for 
cost/performance of the coated conductor.  
 
© 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of Horst Rogalla and 
Peter Kes. 
Keywords: coated conductors; YBCO wire; ion beam assisted deposition; reactive co-evaporation; cost 
1. Introduction 
The centennial anniversary of discovery of superconductivity in 2011 also marks 25 years of the 
discovery of high temperature superconductivity (HTS) in cuprates. In the intervening two and a half 
decades much effort has been devoted to making practical conductors out of the ceramic cuprate 
materials. Challenges were manifold, most notably the need for good grain alignment in order to be able 
to carry high supercurrents [1]. Twenty years ago exactly Iijima and coworkers reported the first 
demonstration of using a textured buffer layer on a metal tape as a substrate to deposit an epitaxial 
YBa2Cu3O7 (YBCO) film [2]. The crystalline alignment in the buffer layer was obtained by ion beam 
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assisted deposition (IBAD). Ever since then this technology has been advanced substantially and 
superconductor wire based on this coated conductor concept holds records in terms of the best 
superconducting performance. Fujikura in Japan and SuperPower in USA both produce km long wire 
based on IBAD textured templates. An alternative method for making coated conductor templates, known 
as rolling-assisted biaxially textured substrates (RABiTS), has been developed and it produces 
qualitatively similar performance, but will not be discussed here. 
The price of coated conductor (CC) wire has been relatively high, as of this date about $400/kAm, and 
because of that its use has been limited. The cost of CC wire production is expected to come down as the 
production volume increases. In this paper we want to present the production cost when it reaches about 
5000 km per annum, roughly about 10 times what it is currently. We assumed a fully functioning 
production plant that outputs 5000 km of HTS wire. The processes we assumed in manufacturing of wire 
are based on IBAD and reactive co-evaporation technologies, those being the ones that we are most 
familiar with. We expect other CC processes to be rather similar in cost to the ones treated here. The 
relative figure of merit used is not cost, but cost/performance, as measured in $/kAm. We present here 
only short and preliminary results of a more detailed study. Only one production volume is presented. 
Details of the study with more production volume comparisons will be published in the future. 
2. IBAD Coated Conductor Architecture 
Two main varieties of IBAD texturing have dominated coated conductors over the past twenty years, 
yttria stabilized zirconia (YSZ) [2] and magnesium oxide (MgO) [3]. Texture evolution in IBAD of MgO 
and related materials is very fast and happens during the first few nanometers of deposited thickness, 
initiating at the film nucleation stage, also known as ion-texturing at nucleation (ITaN). This translates to 
a very high production throughput for IBAD-MgO. At Los Alamos we had demonstrated that the IBAD-
MgO process can be completed in approximately one second [4]. Although IBAD-YSZ and similar 
materials are of interest for CC, we believe that there is a significant advantage to materials that utilize 
ITaN. Nevertheless the ITaN process requires a very smooth starting surface, on a one nanometer scale, 
and preparation of such surfaces need to be taken into account for cost analysis. 
Over the last decade several layer architectures for the IBAD-MgO templates have been explored. We  
present here one such example which again has to do with our familiarity of the processes and not 
necessarily with the lowest cost. The more commonly used layer stacking involves starting with a 
polished metal tape, followed by an amorphous barrier layer of Al2O3, then an IBAD bed layer of Y2O3, 
then an IBAD-MgO layer, homoepi MgO layer, followed by a suitable epitaxial buffer layer such as 
LaMnO3 [5]. This structure has been proven in long length manufacturing but includes 5 different layers 
plus polishing of tape.  
The CC layering we will assume here, however, is shown in Fig. 1 [6]. It consists of an unpolished 
substrate that is then planarized using a technique known as Solution deposition planarization (SDP) [7]. 
The key advantage of this approach is that it enables the use of much wider choice of substrates, and 
potentially much lower cost substrates. The SDP process consists of multiple solution coatings, number of 
which is dependent on the starting substrate roughness. The SDP process is then followed immediately by 
IBAD-MgO and then an epitaxial layer. The second epitaxial layer could be MgO itself, and this was 
demonstrated in Matias et al. [6], but it could also be some other layer suitable for a variety of YBCO 
deposition processes. 
YBCO deposition is considered for two different cases, both varieties of physical vapor deposition. 
One of them we call reactive co-evaporation by cyclic deposition and reaction (RCE-CDR) [6] and the 
second one we call liquid-assist two step process (LATS); see Fig. 2. Both processes are currently being 
pursued by industrial entities. 
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Figure 1 Schematic of the Coated Conductor layer architecture considered here for the cost analysis. 
     
Figure 2. Schematics of the two processes for deposition of YBCO considered here. RCE-CDR is pictured on the left in one version 
and RCE-LATS on the right. Note that the RCE-CDR process has greater mechanical complexity allowing for multiple passes to 
grow crystalline YBCO in situ, whereas RCE-LATS uses a single coating pass, but then follows this with a crystallization step. 
3. Cost estimate model 
The complete details of the cost model will be presented in a future publication, but briefly our cost 
model builds up the cost from bottom up of running a plant for production of 5000 km of 4 mm wire. 
Previously we reported on a cost model for only the RCE-CDR process using a similar type of analysis 
[8]. For now we only consider the cost of running the tape processes: SDP, IBAD-MgO, buffer layer 
(such as MgO), YBCO by one of the two processes described above, and silver deposition, ie not the 
slitting and lamination of the tape that follow to make the actual superconductor wire. Total cost is 
calculated to include cost of materials, labor, and capital expenditures (capex) for all the processes, as 
well as indirect cost. We included indirect cost in running the operation in a 20,000 square foot building, 
incl. furnishings and infrastructure, maintenance (assumed to be 10% of capex per annum), and indirect 
labor costs. Total labor cost includes process engineers, operators, maintenance, accounting, 
administrative, environmental and managerial staff, but no scientists. We assume mature production 
processes, something that is not the case today for most of these processes, but is envisioned for 10 years 
from the present. Three shift operation is assumed and 80% duty factor (equipment is down for only 20% 
of time for maintenance and other issues). The labor costs are per US rates from www.bls.gov. Capex is 
depreciated over 8 years for the process equipment. In the case of biggest unknown capex items, we 
added a 30% contingency factor. A 12% licensing fee is added at the end of the cost calculation. For raw 
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materials costs, we used current pricing in high volume obtained from suppliers, highest of these being 
for yttrium ($450/kg), barium ($200/kg) and silver ($1200/kg). Table 1 includes some of the main 
assumptions in the model. We assume a critical current of 500 A/cm in the coated conductor, achieved 
with 2 µm of YBCO. This level of performance has been demonstrated and exceeded by both RCE-CDR 
[6] and RCE-LATS. 
Table 1. Cost model key assumptions  
Process parameters  
Processes included SDP, IBAD-MgO, buffer layer, YBCO, 
silver deposition 
Web width 50 cm 
Production yield 70% YBCO 
90% other processes 
Capture efficiency 14% YBCO & MgO 
30% Ag 
Deposition rate 15 nm CDR 
20 nm LATS 
CapEx Depreciation  
Process equipment 8 years 
Furnishings 10 years 
Building 20 years 
Labor  
Shifts 3 
Operators + staff per shift 12 (x3) 
Indirect staff 20 
Labor fringe rate 35% 
4. Results of cost analysis and discussion 
A short summary of results of this cost analysis for 5000 km wire production is shown in Table 2. 
More detailed results will be presented in a future publication. The baseline cost scenario assumed had 
70% yield for the YBCO process, i.e. either RCE-CDR or RCE-LATS. We bracket the YBCO yield with 
50 and 90% yield. All other processes are assumed to be 90%. Cost is inversely proportional to 
production yield, esp. for the YBCO deposition process. The baseline result for cost/performance is $6 – 
$9/kAm depending on the RCE route. This is significant in that even at this rather low volume of 
production the cost can be less than $10/kAm. At higher production volumes, such as 50,000 km of 
superconductor wire, cost is significantly reduced still. 
If one were to double the Ic/cm-width value of the coated conductor with the same thickness of YBCO 
(doubling the Jc), without any change in production costs, clearly the cost/performance factor would be 
exactly half of these values. However, also significantly, if one were to use coated conductors with 1000 
A/cm performance and 4 µm of YBCO (same Jc, but twice the Ic), cost would still come down 
significantly, as seen in Table 2. This is because the cost of YBCO within the cost of the whole coated 
conductor is a relatively small fraction, esp. for RCE-LATS. From a purely cost/performance metric the 
total Ic is a key parameter. 
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Table 2. Results for cost/performance for coated conductor tapes produced by IBAD and reactive co-evaporation, with two varieties 
of the process. Baseline scenario is 70% YBCO production yield at 500 A/cm in 2 µm of YBCO. 
YBCO process yield RCE-CDR 
cost 
RCE-LATS 
cost 
90% $6.85/kAm $4.80/kAm 
70% (Baseline) $8.65/kAm $6.05/kAm 
50% $12/kAm $8.20/kAm 
70%,; 1000 A/cm, 4µm YBCO $6.20/kAm $3.60/kAm 
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